Abstract. The purpose of this study was to examine the effect of circulatory response changes on DPBP evaliation. Seventeen healthy males and females who did not perform exercises daily participated in this study. All subjects performed a graded ergometric test that is generally performed on a cycle ergometer. The SBP and HR were measured at 1-min intervals. In healthy subjects who don't exercise daily, the relationship between HR and SBP, was described by a third order regression curve during exercise in males, and a continuously increasing linear equation in females. The relationship between work rate and DP was described by a third order regression curve during exercise in males, while there was no increase in suppression for females, for whom the relationship could be described by a linear equation. At DPBP, HR was 64.4 ± 4% for males and 60.4 ± 5% for females of maximum heart rate. It is possible to detect with DPBP, the increasing pattern of SBP or HR that was expressed as linear or third regression curve against the work load. It was suggested that DP can be compensated even when the increase of SBP (or HR) was low, because DP is the integral number of SBP and HR.
INTRODUCTION
The anaerobic threshold (AT) determined by expired gas analysis and the lactate threshold (LT) obtained by lactate measurement are useful not only for the measurement of physical fitness in athletes but also as indices of health in middle-aged and older individuals, and of optimal exercise intensity in patients with diabetes mellitus, ischemic heart disease, or stroke [1] [2] [3] . However, their evaluation require an expensive expired gas analyzer and frequent blood sampling; thus, they are difficult to implement in clinical physical therapy settings.
Tanaka et al. 4) developed the double-product break point (DPBP) method, which does not need expired gas analysis, which is a simple method with results compatible with measurements of AT and LT. The double-product (DP) is calculated as the product of heart rate (HR) and systolic blood pressure (SBP). When the independent variable is time or intensity of exercise during an incremental exercise test and the dependent variable is DP, the intersection of two linear regression lines is identified as DPBP, the point at which the DP increases sharply during exercise. The intersection has been reported to be largely consistent with AT and LT determined by expired gas analysis [4] [5] [6] . As reported previously, the rate of increase in SBP is low with low workload and becomes higher with a workload above a certain intensity, and an excess increase in blood pressure is associated with greater activation of baroreceptors and suppression of sympathetic nerve activity 7) . This indicates that blood pressure increase is inhibited with greater intensity of exercise. In relation to HR or exercise intensity, the change in SBP is characterized by two inflection points and expressed by a third order regression equation.
Different circulation responses may be obtained with the same exercise intensity, depending on whether the examinees are men, women, athletes, or aged people. There remains an issue that the different circulation responses may influence DPBP detection. In this study, we analyzed the changes in HR, SBP and DP with exercise load in males and females who do not perform exercises daily. The purpose of this study was to examine the effect of circulatory response changes on DPBP, in order to obtain information on what is beneficial in the field of exercise study.
METHODS
Seventeen healthy males and seventeen healthy females who do not perform exercises daily gave their written informed consent to participate in this study, which was approved by the local ethics committee. Physical characteristics of the subjects are summarized in Table 1 . None of the subjects consumed any form of medication or alcohol, and all abstained from smoking.
Tests were performed on the subjects at least 3 hours after a meal and 12 hours after caffeine ingestion. For the establishment of baseline measures, data were collected during a 5-min period of supine rest.
All subjects performed a graded ergometric test that is generally performed, in an upright body position using an electromangentically braked cycle ergometer (Monark model 814E; Varberg, Sweden). Subjects sat on the saddle so that they were able to comfortably extend and flex the knees while pedaling.
The subjects remained in a state of rest on the ergometer for at least 5 min immediately after they entered the laboratory. The subjects were then instructed to try to keep the number of revolutions at 60 rpm. After warm up at 0 W for 3 min, starting at 30 W, the workload was increased by 10 W every 2 min. The test was continued until the predicted maximal HR (220 -age) was reached or the subject could no longer maintain the prescribed rate of wheel revolutions because of fatigue. The test was performed in a temperature-controlled room (24°C, relative humidity 50%).
SBP and HR were measured continuously for the 5 min of rest and during the exercise. An arm blood pressure cuff (15 cm) was fitted over the right brachial artery site, using an automatic indirect manometer (model BP-203i; Colin Med Tech). The SBP and HR were measured at 1-min intervals. DP was calculated with the following equation: DP = SBP × HR.
The DPBP was determined using a computer algorithm as follows. After excluding the firststage data obtained at 30 W, the linear regression lines of DP as a function of W were calculated for all possible divisions of the data into two adjustment groups, and the break-point was determined by the intersection of the two lines represented by the minimum residual sum of the squares. The estimated maximal oxygen uptake was calculated from the regression line of load and HR and was calculated according to the formula 12.47 × physical work capacity (PWC) ÷ body weight (kg).
All analyses were performed using SSPS (version 12.0J for windows XP). Data were expressed as mean ± SD. Differences between men and women were analyzed using the paired t-test. An alpha level of 0.05 was used as the criterion of statistical significance. 
RESULTS
A third order regression curve was obtained for the SBP and HR values measured during exercise in males (y=-0.0003x 3 +0.1x 2 -11.1x+467.0), and the ascending curve tended to be depressed near the end of the exercise. An increase in suppression was observed for males at high HR. SBP started to increase after HR had increased to a certain extent. In addition, SBP showed an increase in suppression when HR increased drastically, which could be expressed as a third order regression curve. The changing points in the third order regression curve were 100 beats/min and 140 beats/min. SBP increased abruptly when HR exceeded 100 beats/ min; however, the rate of increase became zero when HR reached 140 beats/min (Table 2) . A continuously increasing linear equation described the relation between HR and SBP for females (y=0.8x+39.8, Table 3 ). There were significant correlations between SBP and HR in males (r=0.83), and females (r=0.97). The SBP tended to be lower in the females than in the males (Tables 2  and 3) .
A first order regression line was obtained from the work rate and HR values measured during exercise in males (y (work)=0.6x+81.2, Table 2 ). While a third order regression curve was obtained for exercise in females (y=-0.0003x 3 +0.05x 2 +1.9x+109.4, Table   3 ). There were significant correlations between work rate and HR in both males (r=0.97) and females (r=0.96). In the females, HR did not change substantially within a workload of 40 W but increased steeply at approximately 90 W. The relationship between work rate and SBP, a third order regression curve was obtained for the work rate and SBP values measured during exercise in both males and females: y=-0.0002x 3 +0.03x 2 -1.2x+139.6 (Table 2) ; females, y=-0.0003x 3 + 0.04x 2 -1.7x+135.0 (Table 3) . There were significant correlations between work rate and SBP in both males (r=0.96) and females (r=0.97). For both males and females, SBP began to increase from 40 watts, and peaked at 90 watts (Tables 2, 3) .
A third order regression curve was obtained for the work rate and DP values measured during exercise in males (y=-0.03x 3 +5.65x 2 -151.4x+ 13021, Table 2 ). There were significant correlations between work rate and DP in males (r=0.95): and females (r=0.97). DP started to increase from 40 watts and an increase in suppression was observed at 100 watts. On the other hand, there was no increase in suppression for females and the regression curve was represented by a linear equation (y=163.8x+5374.5, Table 3 ). DP at DPBP was comparatively lower in the females than in males (19.3 ± 2.5 (× 10 3 ) versus 16.0 ± 1.2 (× 10 3 ) mmHg · beats/min), and predicted maximal oxygen consumption was lower in the females than in the males (41.1 ± 9.5 versus 37.8 ± 11.0 ml min -1 kg -1 ), but without significant difference. The maximal HR was comparatively lower in females than in males (143.7 ± 13.9 versus 127.8 ± 15.1 beats/min), and the maximal SBP was comparatively lower in females than in the males (169.6 ± 16.9 versus 153.8 ± 10.4 mmHg). The work load (exercise load) after the examinees finished exercising was obtained. The work load of four males exceeded 100 watts. However, it exceeded 100 watts for only one female.
DISCUSSION
Because of its strong correlation with myocardial oxygen consumption and exponential increase with increasing exercise intensity, DP is used as an indirect index of myocardial workload during exercise [4] [5] [6] . In this study, all subjects had normal blood pressures (SBP <120 mmHg, HR <100) according to the Japanese Society of Hypertension, and BMIs in the twenties. It is considered that the diet and character do not have a great influence on exercise blood pressure.
In the field of research on exercise load test, more studies have investigated males; however, there are some cases reported by Ballarin et al. 8) and Baradli et al. 9) that included female subjects. There is one study comparing males and females by Gaisl et al. 10) which focused on HRT. They claimed that 13.3% of males and 7.4% of females did not show a heart rate threshold (HRT). On the other hand, concerning the evaluation of DPBP, Tanaka et al. 5) , Riley et al. 4) , Brubaker et al. 6) and Kumahara et al. 11) studied not only healthy adults but also patients with problems related to the respiratory system. According to these authors, safe testing is possible in such patients. They also insisted that previous studies have produced invalid of DPBP evaluations because of faulty machinery, knee or hip pain, or arrhythmia caused by exercise 11) . However, they did not mention the influence of gender on the evaluation DPBP, suggesting that their researches were very meaningful in the technical aspects of DPBP evaluation, because the research results proved the validity of DPBP at different circulation responses. DP at DPBP was comparatively lower in the females than in the male (19.3 ± 2.5 (× 10 3 ) versus 16.0 ± 1.2 (× 10 3 ) mmHg · beats/min). At DPBP, HR was 64.4 ± 4% for men and 60.4 ± 5% for women of the maximum heart rate (220 -age). These results are consistent with the results from previous studies which showed HR was about 60% of maximum heart rate at DPBP 4, 5, 11) . In addition, when subjects had a habit of exercising daily, HR was 75.4% for men and 66.7% for women at DPBP. In general, AT and HR at DPBP are said to be higher for people who exercise daily than for people 7) reported that the blood pressure response is constant at small load and that it begins to increase beyond a threshold load limit. In other words, one could suggest that HR and SBP are controlled by a pressure receptor-a chemical receptor of aortic arch and sinus caroticus-during exercise. Furthermore, the blood pressure during exercise is influenced physically (exercise load) and chemically (sensitivity of receptor and hormone secretion), and it has been reported that the blood pressure towards the same exercise load varies with age and sex 12) . In fact, this study, indicates that the pattern of increase of SBP with HR at a given exercise load, and those of HR and DP with increase of exercise load are different between men and women without daily exercise. Changes in SBP of people who do not exercise daily with exercise load are shown in Tables 2 and 3 . The SBP changes are considered to be mainly caused by blood vessel contraction due to increase of the sympathetic nerve tension and the increases of norepinephrine in the blood. Nevertheless, total peripheral resistance is known to decrease with increase in exercise strength. Obara et al. 13) explained that SBP changes during exercise are due to the expansion of the cross-section of the whole blood system, following enlargement of blood vessels, increase of carbon dioxide gas in the blood vessel system existing around the skeletal muscle, depletion of oxygen and increase of lactic acid. The increase in degree of blood pressure and heart rate during exercise tends to be lower in women than in men. The pattern of SBP increase with HR is described by a third order equation for men and a linear equation for women. These results are consistent with those of previous studies. Obara et al. 13) claimed that a third order equation is appropriate to explain the two points (occurrence of increase suppression) of SBP against HR. In addition, the correlation coefficient was found to be more than 0.80, which suggests a high correlation between SBP and HR.
Dementra et al. 21 ) studied sex differences in the variation in arterial baroreflex (29 males, 28 ± 1 years; 22 females, 27 ± 1 years), and concluded that the effects of SBP, acting through arterial baroreflex, are significantly smaller in females than in males. They also reported that this might be attributable to the activity of sympathetic nerve adrenaline receptors in females, which are less inhibitory than those in males. In this study, the response of SBP to HR for females was describe by a linear equation. The degree of increase of HR and DP with exercise load is one of the reasons for SBP values being smaller in females.
In this study, we have found that it is possible to DPBP from changes in SBP or HR with exercise load expressed as linear or third order equations. The results suggest that DP can be compensated even when the increase of SBP (or HR) was low, because DP is product of SBP and HR. However, this research was based on only healthy adult subjects. Shono et al. 15) attempted to derive the heart rate equation to target the threshold lactic acid for people who have mutiple risk factor. They reported that there is a possibility that a bad heart function and atherosclerosis are related to the functional suppression of heart rate response during exercise, so the target heart rate might need to be lowered. Furthermore, if one speculates more risk factors, they claimed that it might be necessary to consider a different circulation response. In the future, we would like to investigate subjects who have heart and blood vessel system risks, based on the results obtained in this study, and discuss the appropriateness and accuracy of DPBP evaluation.
